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(54) Title: SEM PROVIDED WTTH AN ELECHROSTATIC OBJECTIVE AND AN ELECTRICAL SCANNING DEVICE 
(57) Abstract 

The detector (6) for secondaiy electrons in a 
SEM provided with an electrostatic objective (14. 16) 
is arranged ahead of the objective, thus enabling a high 
detection efficiency. Acconlihg to Uie invention, the 
deflection of the beam is peifoimed electrically and the 
deflection electrodes (10. :12) are ananged between the 
detector (6) and die last two electrodes (14, 16) of the 
objective. Tlse beam deflection is realized means 
of two oppositely directed electrical deflection fields in 
such a manner that the tilting pomt of die scanning 
motion is sioiated at the center (20) of the objective iens. 
thus avoiding additicmal lens defects and obstruction of 
the beam , by the liii^ited dimensions of die objective 
bore.. TiUs results m,a huge field of view, wtdiout loss 
of resolutionl. F u rt h ermore, deflection ^ . means of two 
oppositely dhected fields has the effect that die padis. 
(24) of die secondary electrons traveling to the detector 
(6) are shaped such that a larger pah therieof . reaches . 
the detection material (6). 
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wo 99/34397 PCTyiB98AI2006 
SEM provided with an electrostatic objective and an electrical s canning device 



The invention relates to a particle-optical apparatus which includes 

* a particle source for producing a primary beam of electrically charged particles 
which traviel along an optical axis of tiie apparatus, 

* a specimen holder for a specimen to be irradiated by means of the an 

5 * a focusing device for forming a focus of tiie primary beam in the vicinity of the 

specimen holder by means of electrostatic electrodes, 

* a beam deflection system for deflecting tiie primary beam, 

* detection means for detecting electrically charged particles which emanate from 
the spedmen in respoiise to the incidence of the primary beam, which detection means are 

10 arranged ahead of tiie focusing device, viewed in the propagation direction of tiie electrically 

charged particles in the primary beam. 

A particle-optical apparatus of this kind is known from an article entitled 

"Design of a high-resolution low-voltage scanning electron microscope" by J . Zach in the 

magazine "Optik", VoL 83, No. 1 (1989), pp. 30-40. 
15 Apparatus of the kind set forth are known as Scanning Electron 

Microscopes (SEM). In a SEM a region of a specimen to be examined is scanned by means 

of a focused primary beam of electrically charged particles, usually electrons, which travel 

along 2m optical axis of tfxe apparams. The acceleration voltage for the electron beam in tiie 
■ ^ SEM is preferably chosen to be comparatively high (for example, of tiie order of magninide 
20 of 30 kV) witii a view to ensuring fliat only slight electron interaction during their travel 

flfrough flie ^electron-optical^^c^^ so tiiat only a slight energy spread occurs: in tiie electron 
- iHbeam duetto ithis efftt^^^^^ tiie choice of flie acceleration voltage, howeyer, is also 

^ i ■ deiterident oh Aemtore of the specnnen^^t^ acceleration voltage should 

teV6 a comparativefy^^ (of the order of magnitude of 1 kV) so as to minimize 

25 diargirig of tiie^ecimen by tiie primary This could. taKe place, for example 

during tiie study of electri layers in integrated electronic circuits or in tiie case 

of givrabibidgical: specimens 

electrons of the primary beam penetrate the specnnen to a small dq>tii only, resulting in a 
Abetter contrast of tiie image to*e formed. Thus, it is often desirable tiiat tiie electron beam 
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traverses the electron-optical column with. a comparatively^^ VBltage-bm is subsequenUy 
decelerated to a comparatively low voltage just ahead of the specimen. 

Irradiation of the specimen to be wamined releases electrically charged 
particles (generally secondary electrons) which have an energy which is substantially lower. 
5 for example of the order of magnimde of from 1 to 50 eV. The energy and/or the energy 
distribution of these secondary electrons offers information as Tfegaids the nature and the 
composition of the spedmen. Therefore, a SEM is. attractively provided witii a detector for 
secondary electrons. These electrons are Teleased at die side of the specimen at which the 
primary beam is incident, after which diey travel back against the direction of incidence of 
10 the primary electrons. Therefore, when a detector (for example, provided with an electrode 
carrymg a positive vohage) is arranged in the path of the secondary electrons thus traveling 
back, die secondary electrons are capoired by this electrode and the detector outputs an 
electric signal which is proportional to the electric current tiius detected. The (secondary 
electron) image of die specimen is flius formed in known manner. With a view to the quality 
15 of the image, notably the speed at which the image is formed itnd the signal-to-noise ratio, 
the detected current is preferably as large as possible. 

The "ted article by Zach. discloses (for example, see die Figs. 3 and 4 
therein) a particle-optical apparams in die form of a SEM m which the focusing device for 
- forming die focus of die primary beam in die vicinity of die specimen holder is formed by 
20 three electrostatic electrodes, die first electrode (viewed in die propagation direction of die 
electroiis in die primary beam) being coincident widi a detector. 

Nowadays tiiere is a tendency to construa SEMs to be as sma^ 
possible. Apart from economical. motives (generally speaking, sm^ be more 

economically maniifadtured). such'small apparatus offer die advantage diat. because of dieir 
25 mobility and smaU space required, diey can be' used not only as a laboratory instrumem but 
also as a tool for die formation of small structures, for example.as in die production of 
integrated circuits. In diis field la miniaturized SEM can *e . used for , direct production as weU 
as for inspection of products. Widi a view to directproduc^ SEM can be' used to 
write, using electrons, a pattern on die:lC to be manufectuied. Witii a view to in^ tiie 
30 SEM can be used to observe die relevam process during die writins by means of a further 
particlelieam (for example; an ion beam for implantation, in die IG to be manufactured), it 
^ being posMble to useihe SEM for on-line iiispection of ^ IC .after- execution of a step 
of'dieinainufajcniHng process. • 

Forminiaturizatibh of.a SENi it is 
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objective rbecau^ sueh^'an objective can be constructed so as to be smaller than a magnetic 
lens/This is (hie 10 the fact tte^ (notably cooling ducts for the lens coil) can 

be dispensed with and that the magnetic (iron) circuit of the lens requires a given minimum 
volume in order to prevent magnetic saturation. .Moreover, because of the temporary 
.5 requirements as reigards high vacuum in the specimen space, electrostatic electrodes (which 
are constructed as smooth metal surfeces) are more attractive than the surfaces of a magnetic 
lens which are often provided with coils^ wires and/or vacuum rings. Finally, as is generally 
known in particle optics, an electrical, field is a more suitable lens for heavy panicles (ions) 

- : than a iiiagnetic;field. 

10 - ^ The arrangement of the detector for the secondary electrons ahead of the 

focusing deviceras disclosed m tfaexited article offers the advantage that when the SEM is 
used for the observation of ICs, it is : also easier to look into pit-shaped irregularities; this is 

- " because observation takes place along the same line^as that along which the primary beam is 
incident. Moreover, arranging ithe detector to the side of tbe; objective and directly above the 

15 ^>ecimeii would have the drawback:that the detector would then make it hnpossible for the 

distance between the objective: and the specimen to be made ias axiall as desirable with a view 
" ■ to the strong reduction: of the electron source so as to adiieve assize of the scanning electron 
spot which is sufficiently small. with a view Furthermore, when an 
- electrostatic objective is used in a SEM,^^k often happens that die electrostatic jens field of 

20 the objective extends slightly beyond the physical boundaries of the objective, so possibly as 
far as the specimen; This would cause secondary electrons emanating from the specimen to 

^ be attracted by said field. For example, a detector arranged to the side of the objective would 

- then require a much stronger attractive effect whereby the primary beam would be 
madmissibly influenced. This adverse; effect is ayqided by arranging the detector above the 

25 objective! 

: ; V Even tiumgh the cit^ 
^ provide any further details as regards the mture, the appearance and die arrangement of the 
beam deflection system whereby the scanning motion of die primary, beam across the 
specinien is realized. The cited: article -does provide information as regards the 
30 detection efficiency for the secondaryMelectrons:achieyed .by the configuration described 
. therein-^Forlhe dieternMnation of this detectipn^^^e^ (see 
Tiotably section 3.6 thereof) integration.qver:^^^^ takes 
"place; :For:a substantially puncriformTegion of the specm the optical axis a value 

of 61 % :is:found for the 4etection^efficiency^^..d^^ 
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It is an objea of the invention to provideiia pmicle-optic^ 
described in the introductory part of Claim 1 in which improved detection efficiency for the 
secondaiy electrons is achieved, an adequate field of view of the specimen to be examined or 
worked nevertheless being maintained. To achieve this, the particle-optical apparatus 
according to the invention is characterized m that the beam deflection system is arranged 
between the detection means aiid said electrostatic electrodes of .the focusing device, and that 
the beam deflection system includes electrodes for deflecting the primaiy beam by means of 
at least two electrical deflection fields whichihave ainutaally opposed direction^ccraiponent. 

As a result of the described arrangement and ttie realization of the beam 
deflection system with two opposite fields it can be achieved that the primary beam is tilted 
in such a manner thaf the tilting point is situated iatrthe; center of the objective lens, i.e. at the 
center of the region where the lens effea of the electric objective field can^be.assumed to be 
located. This means that upon tilting of the . primary beam by the scanning; motion, the beam 
wfll hot leave or wiir only slighfly leave the opticar>axis of the lens^field, so.that no 
additioiial lens defetts (i.e. higher-border dirfects) of any significant occur; indrJiM^^^ 
tilting displacement of ffie beam is not iiiq)eded either by the limited dimensions; of the 
apernire of the objeaive elKtrddes. m^^^^ view, without loss of 

resolution. inmhermoreV th6 beam deflection system comprising has such 

an effect on the secondary electrons that the paths of the electrons travelling; to the detector 
are shap&i in such a maimer that a larger part thereof (i.e. larger than in the absence of said 
step) reachesihe^detector surface, so that the desired high^^d^ 

the focusing device in an embodiment of die particle-optical apparanis 
according to the inveiition is arranged to produce a focus of the primary beam^^e^^^^ 
means of electrostatic electrodes. It is feasible to construct the focusing device (i.e. the 
objective) so as to have a magnetic as well as an electrical lens field. Howeverv there are 
circumstances in which the total absence of magnetic means is desirable; in these situations, 
for example in case of extreme miniaturizationi^an objective constructed vexchisively in 
electrical form is desirable. . ^■ 

The beam deflection system in a- fiirflier embodi^ 
optical apparahis according td the invention is arranged top^^ deflection 
fields CTclusively by mems of electrical electrodes/ Like in the case of tbe^objective, it is 
feasible to constriia the beiain deflection:^stem so 

electrical deflection field. Again there may be circumstances in which total vabsence of 
magnetic means is desirable; therefore, in siich-siiuanons a beam . deflection jgtstem which is 
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constructed exclmively ^fis ,an electrical system, is attractive. 

• The detection meam in another CTabodiment of the parti 
apparatus according to the invention comprise a detection material with a detection surface 
provided with a bore for the primary beam, said surface having an outer diameter which is at 
:5 least equal to the largest diameter of the bore of the beam deflection system, This step offers 
a further optimization of the detection efficiency. When the detection surface is arranged 
close to the nearest electrode, the space angle at which the detection surface is perceived by 
the electrons to: be detected c is niade: niaximum, and hepce also the value of the detected 
electron current. X. . 

10. ' The detection material in a further embodiment of the particle^optical 

apparatus according to the invention is provided with a further electrostatic acceleration 
electrode, As has akeady been mentioned, it is often desirable that the electron beam 
traverses the electroiM>ptical column with a comparatively high voltage and that it is 
decelerated to a comparatively low voltage jurt . in front of the spec For example, if it is 
15. desired that the primary beam arrives at the: (grounded) specimra wift^ kV, 
: the electron soiu'ce can be adjusted to a. voltage of ^1 kVTelative.tp grounds By applying a 
- voltage of, for:example 9 kV to the fiurtherielectrost^^ acceleration electrode, it is achieved 
:: :that the prinMiy beam to a wltage.of 10 kV 

and is decelerated to 1 kV only at the end. . ; 
20 ^ ^ . ^ The invention wiU be described m detail heremafter with reference to the 
Figuresrin which corresponding reference numerals denote corresponding elements. Therein: 

rjj^. Fig. 1 is a diagrammatic representation of a relevant part of a panicle- 
q)tical instrument according to the inyenu^ 
- XT Fig. 2 illustrates^ 
25 instrument according to the inventicm;^^ ^ ^ ^; V 

:Fig. 3 is a graphic representation of; the^d^ 
. optical mstrument accord^^^ 

Fig. J shows a relevant ;part of a 
: : far .as, they are not relevant to the invention, :tfae:electron source and all further elements 
30^ forming part of the electron-optical coluirai, ser/ing ta and (tontrpl the primary 

. beamv are Tiot shown. The primary: beam, which is iipt rsboy^ in Pig. 1 , travels along the 
: : Qpticaliaxis4 of tbC: SEM. Thepriniary^bMun a detector crystal 6, 

: A an decirostatic>acceleration«lect^ a vfimfClectricsd deflection elei^ a second 
electrical deflection: electrode: -12, . a first £leca;ostatic:dectrode J4 .which of the 
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objective and a second eiectrostatic electrode 16 which also forms part of the objective. 
Fmally , the electrons of the primary beam reach the specimen 1 8 to be examined or worked. 

The detector crystal 6 forms part of detection means for the detection of 
5 electrons emanating from die specimen in response- to the mcidence of the primary beam. 
This detector crystal consists of a substance (for example, cerium-doped yttrimn aluminium 
garnet or YAG) which produces a light pulse in response to the capture of an electron of 
adequate energy; this light pulse is conducted fiirther by means of optical, guide means (not 
shown) and is converted, m an opto-electric transducer, into an electrical signal iwhwefrpm 
10 an image of the specimen can be derived; if desired. The latter elements also form part of 
said detection means. The detector crystal 6 is provided with a bore for the passage of the 
primary beam. 

The electrostatic acceleration electn)de 8 foniis part- of the dectrode 
systdn 8, 14, 16, the electrodfes 14 and 16 of which constitute the objective: of the SEM 

15 which serves to focus the primary beam. The electrode 8 is shaped as a flat plate -which is 
provided with a bore for the primary beam and is deposited on the detectiomnaterial ui the 
■ form of a conductive oxide* for exampte indium and/or tin oxide, notably on the detection 
surfiace of the scmtillation crystal 6. The electrode 8 can be adjusted to a desired ;vbltage, for 
example 9 kV, by means of a power supply unit (not shown). 

^ ' The first dectrical deflection electrode 10 and the second electrica^^^^ 

deflectibii electrode 12 form part of a beam deflection systwn for deflecting the primary 
beam. Each of these two electrodes is constructed as a mbular ponion having an external 
shape in the form of a straight circular cylinder and an internal shape in the form of a cone 
which is tapered in the direction of the beam. Each of the electrodes 10 and 12 is 

5 subdivided, by way of two sawcuts in mutually perpendicular planes through the optical axis, 
into four equal parts so that each of the electrodes 10 and 12 is capable of producmg 
electrical dipole fields in the x direction as well as the y direction-by application of suitable 
voltage differences between the portibns; so that the^>rimaiy beam can be deflated across 
the specimra 18 and'thepatii of the s«»ndary electrons inoving i^^ 

0 detector crystsd can be influenced. of subdividirtg the electrodes*10 and ll into four 

parts, they dm also be subdivided iiMo a li^ 

-parts by means of four sawcuts in a plane through the q)tical axis. By application of the 
W>priate voltages to the various parts of each of the electrodes,; the system thus formed 
can be used not only for deflecting the^b^ but also as . a stigmato 
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' " ^-Tife lRrst eliectrode 14 and the rsecond electrode J6 constimte the electr(^^ 
system wliich fbnns the objective of the :SEM. Interaally as weU sEsvextenially ihe electrode 
14 is shaped as a cone which is tiered downwards, so that this electrode fits within the 
electrode 16. Internally as well as externally the electrode 16 is also shaped as a cone which 
5 is tapered downwards; the external conical shape offers optimum space for the treatment of 
comparatively liafge specimens such as circular wafers which are used for the manufacture of 
ICs and may have a diameter of 300 mm. Because of the external conical shape' of the 
electrode 16, the prhnaiy beam can be made to strike the wafer ata comparatively large 
angle by tiltmg die wafer uiidemeafh the objective, without the wafer being obstructed by 
10 parts projectinig Irom the objective. A dashed line 20 in die iFigure- indicates the Tegioii in 
which the lens eiffect of the electrical objective field (so the paraxial center of the objective) 
can be assumed to be localized. 

The objective 14, 16 fociis^ the pruhary beam in such a mianner that the 
electroii source is imaged, on the (grounded) speciihen with a generally very large reduction; 
15 because of this strong fedubdon, the distance between the sur&ce of the specinien 18 land the 
center of the lens 20 (the focal distaoice) h veiy sniall which, ias has already been mentioned, 
wduld severely limit the possib ility of tilting if the external shi^ of the electrode 16 were 
niot'conical/ ■ • '"^ x 

Fig. 2 shows the course of some electron paths ^^m^ 
20 instruinent bf Fig. 1. The course of these paths has been obtained by way of computer 
simulation; the following assumptions were made for this sunulation: the voltage whereby 
the primary beam is accelerated am to 10 kV; the energy of the secondary electrons is 1 
eV; the secondary electron emanates from the specimen parallel to the surface; the specimen 
is groxinded; thrvoltage Vd at the detector amounts to 9 kV; die voltages at the electrode 10 
25 are 9+2 ^ 11 kV and 9- 2 - 7 kV; the voltages at the electrode 12 amount to fti 1.8 = 
■ 7.2;kVand9-Ki:8 = m 
' T^^ 

other values of ^e direct voltage and the scan vbl^^ (generally varying as a^sawtooth as a 
function of tinaeybn the miiltipole elec^ 10 suid .12. The thoice of said^odier values is 
30 based on the foUdwihg misijpit: Adjustmeii^ of a high magnification alsib necessitates high 
resolution, but the area to be miaged is compaiadvely sniall btiicauseibf 1^^^^ 
jnaghification: A 'high resolimonreqi^^ cdnipar^vely high^acceleiation voltage at the 
:pafis of the cohinm at objective lens 14, ;16 because of said 

interaction of the electrons during their travel through the electron optical colunm and also 
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because the influencing of the electron beam by external disturbftig fields should be 
niinimized. This high acceleration voltage can be achieved by supplying the -assembly formed 
by the electrodes 8, 10 and 12 with a comparatively high direct voltage, for example with 
said value of 9 kV. Because of this high value of the direct voltage, in the case of a large 
5 field of view a high value would also be required for the scan voltage on the electrodes 10 
and 12 (2 kV for a field of view of 2 x 2 nnrf with \ landing energy of the electron beam on 
the specunen amounting to 1 keV and a working distance of 3 mm). However, because only 
a small field of view need be scanned in the-case of-a high-resolution expo 
case only a comparatively low (in comparison, with the direct voltage) ^linide of die scan 
10 voltage is required. A further calculation reveals that in such a case it suffices to use an 
anq)litude amounting to some, tens of volts, for^example 50 V. for a field of view of 50 x 50 
/arf for a direct voltage of 9 kV on die electrodes 10 and. 12, a hmdmg energy amounting tc 
1 keV and a working distance amounting to 3 mmv 

When a low magnificiatipn is adjusted, however, a lower resolution 
15 suffices; however* because of the low magnification, the area to be imaged isihen greater 
tlm m the caM of a high resolution. Because of the lower pennissflsle re^ 
acceleration voltage of die electron beam at tfie level of the scan electrodes 10. and 12 can be 
chosen to be lower, for example 1.5 kV: Because of this low value of the direct voltage, a 
low value of the scan voltage at the electrodes 10 and 12 also suffices; however, because in 
20 this case a large field of view.must be scanned, a comparatively high amplitude, of the scan 
Vohage is reqiiired. A further calculation reveals that in such a case an amplimde of some 
hundreds of volts, for example 500 Y, is required for a field of view of 2 x 2 nurf and a 
landmg energy of 1 keV. 

It appears in both cases (high resolution and low resolution) that the scan 
25 amplitude required is substantially lower than said first value of 2 kV which was based on a 
worst case situation (i.e. high direct voltage and large field of view). This lowtt junplitude 
for die scan voltage offers significant advantages in respect of the construction of die SEM 
and the associated power supply equipment. For examle, the power- supply eqmpment can be 
constructed so as to be significantfy smaller and, becausesof the lower amplimde, its stability 
30 (being a t^on Qf die maximum amplitude to be . delivered by this eqiqanent) can be 

improved proportionally: Furthermore, dje supply wires to the various parts of the electrodes 
10 and 12 can then be ;more readily assembled m one cable; because , of the risk of electrical 

breakdowns,, sudi assembly was not or.pnurticallyiiotpossible^^m 
•■vbltage-;of2*V.-;- • > 
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''I The primary beam 22 (only diagrainmatically represented by -a dashed Ime 
in fliis Figure) entering the assembly formed by the detector, the deflection electrodes, and the 
objective initially travels along the optical axis 4. Under the influence of the electrical 
deflection field generated by the electrode 10, the beam is deflected away from the axis after 
5 which it is deflected towards the axis again under the influence of the opposed deflection 
field generated by . the electrode 12. As a result, the primary beam intersects the optical axis 
far below the deflection electrodes ,10 and 12. As has already been stated, as a resuh of the 
arrangement of and the fact that the beam deflection system operates with two opposite fields 
it is achieved that^the tilting pomt is situated in the central plane 20 of the objective, so that 
10 a large field of view and a muumum imaging error are achieved, regardless of the magnimd^ 
of the scanning motion of the primary beam. This phenomenon can be clearly observed in 
Fig. 2 which shows that, after deflection by the deflection fields, the primary beam intersects 
the optical axis 4 in the central plane 2d. . - 

The incidence of the priniaiy beam22 on the spechnen 18 release 
15 secondajy elecd-ons from specimen wMch travel u electrical 
field of the objective, of the deflection system and of tiie detector voltage. The Pigure shows 
a path 24 of such a secondary electron. The electron; nutially travels parallel to the spec^^ 
surface and is pulled into the bore of the objective, after which it becomes subject to the 
defltetbr fields. The Figure aiustnites th^ defleaion fields by way of 

20 the path 26 arid; for comparison, the cffed of naagifetic de^ by way of the path 

28. Fig. 2 clearly shows tiiat eveii a secondary electron iwhichvCmanates from the specimen at 
' the most unfavorable angle is still deflected by the electrical deflection fields in such a 
manner that it is still capmred by the detector crystal. The latter effect is not achieved by 
means of the magnetic deflection fields. 
25 ' Fig. 3 is a gr^hic tepresehtatibn of the detection e 

' - ^ • of the distance between the optical axis and the location where the secoiidary elec^ leaves 
the spechnen. This situation is shown for three values of the energy of the. secondary 
electron, i.e. 1 eV, 2 eV and 5 eV. The upper graph illustrates the situation for the case 
involving electrical deflection fields and the lower'graph illustrates, for the purpose of 
30 xoniparison, the situation for the case involving ma^etic deflection iidds; Thiscgraphic 
representation clearly shows that in the ^:ase of electrical deflectioii iields:a detection 
efficiency of more than 90% is achieved as fer as the edge of flie region observed on the 
• specnrien (i.e. up- to a.distanc^ ofapimixmi^tely l.a.inm':^ opticalaxis) and that this 
value decreases to approTdinately 50% when U5e:isanade of magnetic deflection .fields. 
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CLAIMS: 



G 



1 • A particle-optical apparatus which includes 

a particle source for producing a primary beam . (22) of electrically charged 
particles which travel along an optical axis (4) of the ^aratus, 

* a specimen holder for a specnnen (18) to be irradiated by means of the 
apparatus, 

* a focusing device (14. 16) for forming a focus of the primary beam ,m the 
vicinity of the specimen holder by means of electrostatic electrodes, 

* a beam deflection system (10, 12): for deflecting the primary beam, 

* detection:means.(6) for detecting electrically charged particles emanating from 
the specimen in response to the incidence of the primary beam, which detection means are 
arranged ahead of the focusing device, viewed in the propagation direction of Ae etectrically : 
charged particles in the primary beam, 

characterized in that 

* the beam deflection system (10^ 12) is arranged between the detection means (6) 
5 and said elecfrostatic elecirodes (14, .16) of the focusing device, and 

* that the beam deflection system includes electrodes (10, 12) for deflecting the 
primary beam by means of at least two electrical deflection fields which ha ve a mutually 
opposed dffection component; 

^- A particle-optical apparatus as claimed in Claim 1, in which the focusing 

device (14, 16) is arranged to produce a focus of the primary beam exclusively by means of 
electrostatic electrodes. 

A particle-optical apparatus as claimed in Claim l\or 2, in which die 
beam deflection system (10, 12) is;arranged to produce^the. electrical ddnectipn fields 
exclmively by means of electrical electrodes. 

A particle-optical sqpparatus as clanned in one of the preceding Clahns, in 
which:the detection means comprise a detection material with a detecdon.sm^ce (8) 



wo 99/34397 jj PCT/IB98A)2006 

provided with a bore for the primary beam, said surface having a diameter which is not 
smaUer than the largest diameter of the bore of the beam deflection system. 

5. A particle-optical apparatus as claimed in Claim 4, in which the detection 
material is provided with a further electrostatic acceleration electrode (8). 

6. An assembly consistmg of a focusing device (8, 14, 16). detection means 
(6) and a beam deflection system (10, 12) as defined in one of the preceding Claims, 
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